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Abstract 
The fluctuation of potato production has been caused by production risk in on-farm sector. This research 
aims to identify the sources of production risk in potato production and analyze the strategies to 
overcome the production risk. This research was conducted at Cantigi Farmers’ Group, which has been 
actively producing potato in Cikajang Sub-district, Garut Regency, West Java. The data were collected 
from all 35 members of the Cantigi Farmers’ Group. This study used Z-Score and Value at Risk 
analyses. The results showed that the sources of potato production risk that occurred in the Cantigi 
Farmers’ Group were pests, diseases, rainfall, seed quality, managerial ability and soil fertility. 
Mitigation strategies can be used to overcome the risk sources such as by using intercropping method, 
plant-based pesticides, natural enemies, proper water management and drainage. Preventive strategies 
can be used to overcome the risk sources such as by using plant-based pesticides, organic fertilizers, 
assistance from local extension agents, in collaboration with certified seed breeders in the surrounding 
area and attending the training of how to breed properly. The research on potato production risk in 
Cikajang Sub-district is very significant considering that, to the best of authors’ knowledge, the analysis 
of potato production risks has not been conducted yet in this important area of potato producing. This 
study was conducted in a limited scope of variable, therefore, a further research of potato production 
risks is suggested to be performed in a wider variable scope. 
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Indonesia is an agricultural country that is rich 
with agricultural resources. In general, the 
agricultural sector in Indonesia is divided into 
three sub-sectors, namely food, horticulture and 
plantations. Based on the contribution of the 
agricultural sector to Indonesia's Gross Domestic 
Product (GDP), the horticultural sub-sector has an 
average growth rate of 2.81% (Ministry of 
Agriculture, 2017). 
As an agricultural country with tropical 
climate, Indonesia is prospective for a horti-
cultural business. The market of horticultural 
products in the future will be greater, both in the 
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domestic and international markets (Irawan, 
2003). Potato, as one of horticultural commo-
dities, has been produced every year in Indonesia 
with different capacities. In 2014, potato 
production in Indonesia increased by 19.88%, 
from 1,124,282 tons to 1,347,818 tons. However, 
the production of potato in the following year 
decreased. This can be caused by the challenges 
of developing potato such as competition with 
other horticultural commodities and the 
conversion of land for other uses (Rogi et al., 
2016). 
West Java Province is a center of potato 
production with a contribution of 24% or as much 
192  Caraka Tani: Journal of Sustainable Agriculture. 2020. 35(2), 191-202 
 
Copyright © 2020 Universitas Sebelas Maret  
as 277,187 tons, then followed by Central Java 
Province with a contribution of 23% or as much 
as 269,476 tons (BPS-Statistics of Jawa Barat 
Province, 2018). One of the regencies in  
West Java, which is the center of potato 
production is Garut Regency (BPS-Statistics of 
Garut Regency, 2018). Cikajang Sub-district is 
one of the centers of potato production in  
Garut with an average potato production from 
2011 to 2017 amounting to 30,565.3 tons  
(BPS-Statistics of Garut Regency, 2018). One  
of the villages in Cikajang Sub-district that  
has the highest amount of potato production is 
Cikandang Village, with potato production in 
2017 at 468.45 tons or around 14.98% of  
the total potato production in Cikajang Sub-
district (BPS-Statistics of Garut Regency,  
2018). Cikandang Village is a highland of  
1,310 meters above sea level with the majority  
of the main livelihood of the population as  
farmers and vegetable crop laborers, which  
is ecophysiologically suitable for horticultural 
commodity crop development areas (BPS-
Statistics of Garut Regency, 2018).  
One of the farmers’ groups that actively 
produce potato in Cikandang Village is Cantigi 
Farmers’ Group. The Cantigi Farmers’ Group 
produces potato varieties of Granola. However, 
the potato production was fluctuating. Potato 
production in the Cantigi Farmers’ Group was still 
low compared to the potato production in Europe, 
which reached 25 tons per ha (Ministry of 
Agriculture, 2013). Based on the interviews with 
the head of the farmers’ group, the production 
problems can be caused by many factors, for 
examples, pests and diseases, rainfall, managerial 
ability, soil fertility and seed quality. 
Potato of Granola variety, such as those grown 
by farmers in the Cantigi Farmers’ Group,  
is a variety that is sensitive to leaf blight 
(Phytophthora infestans). The research of 
Kusmana and Ambarwati (2018) showed that the 
level of damage caused by leaf blight on Granola 
variety was 84.4%. The uncontrolled pest attacks 
can cause damage to potato crops and thus lead to 
crop failure (Somantri et al., 2016). 
The research of Ishartati et al. (2019) revealed 
that the procurement and distribution of healthy 
and quality potato seeds are the problems in 
increasing potato productivity in Tosari, 
Pasuruan. Hirpa et al. (2010) confirmed that seed 
tuber  quality  is  important  because  seed  tubers 
ability to produce healthy and vigorous plants that 
produce high quality is limited by the growing 
season, in which the seeds will be used. Farmers 
in developing countries such as Indonesia usually 
use fourth or older generation seeds. Even though 
the longer generation of potatoes is used, the 
possibility of a decrease in quality is greater to 
occur (Mulyono et al., 2017). 
The realization of a sustainable potato sub-
sector in developing countries depends on the 
measures to overcome the number of risks that 
occur continuously, for instance, to reduce the 
accumulation of heavy metals in the soil, 
switching the use of chemical fertilizers to  
organic fertilizers is performed (Manurung et al., 
2018). Therefore, appropriate production risk 
management is needed as a revitalization of 
agriculture towards sustainable agriculture.  
The fluctuation of potato production faced by 
the Cantigi Farmers’ Group can be because of the 
production risk in the on-farm sector. An 
empirical study of Ali and Kapoor (2008) has 
shown that in general, production risk is 
considered the most important source of risk in 
vegetable production. The purpose of this 
research is to identify the sources of production 
risk in potato cultivation and analyze strategies to 
overcome the risk of production. The research on 
the risk of potato production in Cikajang Sub-
district is very important considering the analysis 
of production risk of potato has not been 
conducted yet in Cikajang Sub-district as the 
important area for potato production. 
MATERIALS AND METHOD 
This research was conducted from September 
2018 to January 2019 at the Cantigi Farmers’ 
Group, Cikajang Sub-district, Garut Regency with 
the consideration that Cikajang Sub-district is one 
of the centers of potato production in Garut. The 
Cantigi Farmers’ Group is the eldest farmers’ 
group in Cikandang Village, which has been 
facing a long-running agricultural risk. The data 
were sourced from all members of the Cantigi 
Farmers’ Group who cultivated potatoes in 2017. 
Since the total population of this study is less than 
100 people, all of the population of the Cantigi 
Farmers’ Group as many as 35 farmers were 
taken. Variables used in this study include the 
characteristics of farmers, production inputs, 
identification of sources of production risk and 
output of commodity production of potato. 
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Data analysis in this study used Z-Score and 
risk impact analysis was performed with the 
Value at Risk (VaR) method. After that, risk 
mapping was carried out and risk handling 
strategies were determined. Z-Score was used to 
determine the likelihood of risk, while VaR was 
used to measure the impact of risks. After that, the 
results were placed into risk mapping as a 
description of the risk position on a map with two 
axes in between, in which the horizontal axis 
represents the risk impact, while the vertical axis 
represents the likelihood of risk occurring. The 
results of the risk mapping can be seen as the most 
effective risk management strategy.  
According to Kountur (2008) analysis of data 
to calculate the possibility of the occurrence of 
risk using the Z-Score method is divided into 
several parts of calculation as follows: 
Possible production risks 
a. Calculating the average of risk event  
 







b. Calculating the standard deviation value from 
risky events  
 
𝑆 =




c. Calculating Z-Score value 
 





Risk impact calculating 
This  calculation  was  carried  out  to  measure 
how much loss in rupiah (IDR) the risk occurring 
in the production of potato. According to Kountur 
(2008), VaR can be calculated as follows: 
 






?̅? = The average value of risky events 
𝑥𝑖 = Value of failure/farmer from risky 
events 
𝑛 = Number of farmers (35) 
𝑆 = Standard deviation of risky events 
𝑍 = Z-Score value of risky events 
?̅? = Risk limits that are considered to be 
still in the normal level by farmers 
𝑉𝑎𝑅 = The impact of losses caused by the risk 
event (IDR) 
𝑋 = The average value of losses due to risk 
event 
Z = Z value from the normal distribution 
table with alpha 5% due to the risk 
event (1.645) 
Risk mapping 
Risk mapping is an overview regarding the 
position of a risk in a map with two axes, namely 
horizontal axis describing the impact of risk and 
vertical axis describing the possibility of risk 
(Kountur, 2008). After all the risks, the risk 
possibility and the impact of the risk had been 
measured, the risk mapping was created as shown 
Figure 1 (Kountur, 2008).  
Risk mapping is divided into four quadrants. 
Quadrant I is placed for the risks that have high 
possibility with low impact. Quadrant II is placed 
for the risks that have high possibility and high 
impact. Quadrant III is placed for the risks that 
have low possibility and low impact. Quadrant IV 





quadrant I quadrant II 
 
Low 
quadrant III quadrant IV  
 
Low High Impact (IDR) 
 




194  Caraka Tani: Journal of Sustainable Agriculture. 2020. 35(2), 191-202 
 
Copyright © 2020 Universitas Sebelas Maret  
 
Risk handling strategy 
a. Preventive strategies 
Preventive strategies are used to deal with 
risks that are likely to be large, namely risks 
that are in quadrants I and II. When using a 
preventive strategy, the risks found in quadrant 
I will shift to quadrant III and the risks found 
in quadrant II will shift to quadrant IV 
(Kountur, 2008). 
b. Mitigation strategies 
Mitigation strategies are used to minimize 
the impact of risks that arise. Mitigation 
strategies are recommended for risks that are 
in quadrant II and IV which have a large risk 
impact. Risks that are in quadrant II and IV can 
be handled by means of mitigation strategies. 
Quadrant II shifts to quadrant I and quadrant 
IV shifts to quadrant III (Kountur, 2008). 
RESULTS AND DISCUSSION 
The characteristics of respondents 
All the respondents of this study were male 
with an average age of 46 years and the majority 
of farmers have been cultivating potatoes for 11 to 
20 years. The majority of farmers (45.7%) have 
educational background of primary school. Age 
and level of education can affect the technology 
adoption of potato farming (Purba et al., 2014). 
With regard to the cultivation of potato, the 
members of Cantigi Farmers’ Group cultivated 
potato without considering the growing season. 
This was due to the capital ownership by the 
farmers and the availability of potato seeds. Potato 
production in the Cantigi Farmers’ Group in 2017 
amounted to 239.90 tons with cultivated land 
areas of 11.52 ha.  
Potato is the most important crop in the world 
because of the high nutritional value, however, the 
cultivation of potato plants in untreated land can 
result in low and poor quality of yields (Machuca 
et al., 2015). The production of the farmers of the 
Cantigi Farmers’ Group in 2017 fluctuated and 
did not meet the production standards, and this 
was due to the risk of production in the on-farm 
sector. The technology used by the farmers of 
Cantigi Farmers’ Group was still limited, which 
could affect the process and yield of potato 
production. One of the technologies used in potato 
cultivation was plastic mulch. Planting potatoes 
traditionally in deforested land could give low 
yields and poor quality compared to those using 
plastics. The efficiency of crop production can be 
improved by using plastic mulch and row cover to 
modify root zone temperature and plant growth, in 
addition to reduce pest damage and increase 
production on cultivated plants (Machuca et al., 
2015).  
Identification of risk sources 
Climate change is one of the risks that can 
affect the way of potato to grow and harvest 
(Knox et al., 2011). Based on the results of 
interviews with the chairman and members of the 
farmers’ group, several sources of risk that caused 
loss of potato production during 2017 were 
identified. The following factors are risk sources 
that caused low potato production in the Cantigi 
Farmers’ Group: 
Rainfall 
Based on the results of interviews, rainfall 
greatly affected the growth of potato plants. In 
2017, the rainfall that occurred in Cikajang Sub-
district was 180 days with an average of 15 days 
per month. The amount of rainfall intensity in one 
year was 2,865 mm with an average of 238 mm 
per month. High rainfall occurred in January-
April then continued in October-December. 
High rainfall affected the quality of potato 
plants caused by excessive water logging on the 
land and excessive absorption of water by the soil. 
This puddle caused the tubers to rot in the soil. In 
addition, high rainfall could inhibit sunlight. The 
growth of potato tubers would be hampered if 
there was a lack of sunlight. The lack of intensity 
of sunlight would inhibit the photosynthesis 
process of potato plants, which would cause small 
tubers to form so that the amount of production 
decreased. Extreme weather events, such as high 
intensity rainfall, could damage potatoes. Water 
logging on the ground, especially in summer 
regions, can cause tubers to rot (van der Waals et 
al., 2013). More than a quarter of the potato 
production losses were resulted from extreme 
weather in South Africa (van der Waals et al., 
2016). 
Pests 
Pests are disturbing organisms in the process 
of cultivating potato plants. The sources of 
production risk in cultivating potato in the Cantigi 
Farmers’ Group were black cutworm (Agrotis 
ipsillon) and serpentine leaf-miner (Lyriomiza 
huidobrensis). Besides diseases, insect pests were 
the main problems in potato cultivation in 
Bangladesh (Nasif et al., 2018). This black 
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cutworm can damage potato plants when they are 
young. The part of the potato plant attacked by 
this pest was the base of the plant stem. The bitten 
base of the stem will easily break and die. Leaf 
miner is a pest that attacks potato plants in the 
leaves. This pest is a type of leaf fly pest. 
Symptoms can be seen in potato leaves. The 
surface of the potato leaves that are attacked by 
leaf miner has small holes that will fuse and 
eventually the surface of the potato leaves dries. 
Then the leaves of potatoes that are attacked by 
the pests will have brown spots. Leaf miners and 
black cutworms had an impact on the decline in 
production experienced by farmers in the Cantigi 
Farmers’ Group. This is in line with the study of 
Fariyanti et al. (2007) that the risk of potato 
production is affected by pests and diseases. 
Lologau research (2010) showed that leaf miners’ 
attacks could result in the losses of potato 
production of 14.6-92.8%. However, the most 
damaging potato pest in Modoinding Sub-district, 
South Minahasa Regency, North Sulawesi, was 
Empoasca spp while Liriomyza spp was in the 
fourth position (Bororing et al., 2015). 
Disease 
One of risk sources for potato farming in the 
Cantigi Farmers’ Group is disease. The attacks of 
diseases affected the amount of the results of 
production in the Cantigi Farmers’ Group. 
Diseases attacking potato plants included late 
blight, bacterial wilt, fusarium wilt and tuber rot. 
Late blight is caused by the pathogenic fungus 
Phytophthora infestans. Symptoms of potato 
plants that are affected by late blight are the 
appearance of blackish brown spots and a white 
mildew-appearing area along petioles. The 
pathogen Phytophthora infestans that causes late 
blight is a major disease that can cause failure of 
potato production. The loss of yield resulted by 
Phytophthora infestans can reach 47-100% 
(Ambarwati, 2012). 
Bacterial wilt is caused by Pseudomonas 
solanacearum bacterium. This bacterium is easily 
transmitted through infected groundwater and 
agricultural tools that are usually used by potato 
farmers to divide the seed bulbs. When the plants 
are attacked by bacterial wilt, the young leaves of 
the plants will die and the bottom of the leaf 
begins to yellow. Fusarium wilt is caused by 
Fusarium oxisporyum. Symptoms of potato plants 
that are attacked by fusarium wilt are rotten tubers 
that cause the plants to wither. Rotten tuber is 
caused by the fungi Erwinia solanii. When a 
potato plant is infected with rotten tuber, the 
leaves will roll and turn yellow, and then  
dry and wither. The part of the potato plant that is 
in the soil causes brown spots. The research  
of Soesanto et al. (2011) showed that the  
pathogen with the dominant population in potato 
fields in Purbalingga Regency was Ralstonia 
solanacearum, amounting to 71.6% and followed 
by Fusarium oxysporum, which was also found in 
potato fields owned by the members of the Cantigi 
Farmers’ Group. Whereas in Ethiopia, leaf rot and 
bacterial wilt are the main causes of reduced 
potato yields (Demissie, 2019). 
Seed quality 
Seed quality is one of the most influential 
sources of risk in cultivating potato in the Cantigi 
Farmers’ Group. Similarly, in China, the main 
obstacle in producing potatoes was the lack of 
high quality potato seeds (Jansky et al., 2009). 
The seeds used by the farmers in the Cantigi 
Farmers’ Group were obtained from seed breeders 
from other areas. The quality of seeds obtained 
from these seed breeders was poor, so there were 
some potato plants that did not grow. In addition 
to getting potato seeds from seed breeders, 
farmers used potato seeds from the previous 
crops. The seeds planted by the farmers were up 
to the fifth generation. Farmers have experienced 
the decrease in the production of each generation 
seed potato. This is in line with the research that 
states that the longer the generation of potato 
seedlings are used, the lower the quality of potato 
seeds will be (Mulyono et al., 2017). 
Managerial ability 
Managerial ability is the ability of the 
members of farmers’ group to carry out potato 
cultivation activities in accordance with the 
standard operating procedures. Managerial skills 
are seen from the experience of farmers in 
cultivating specific potato variety. The average 
experience of the Cantigi Farmers’ Group in 
cultivating specific potato was 13 years. But in 
fact, the process of cultivating potato from the 
beginning of planting to harvest was assisted by 
paid farm laborers. The most important aspect in 
managing production is labor such as its 
managerial ability (Kurniati, 2012). The 
managerial ability of farmer in cultivating 
potatoes has not yet implemented the standard 
operating procedures, and thus, this becomes one 
source of production risk. On the other hand, 
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experience will be a major contributor to good 
managerial skills in conducting potato cultivation 
activities to achieve good potato production 
(Nuthall, 2009). 
Soil fertility 
Reduced soil fertility is one of the 
environmental problems caused by the use of 
pesticides (Okonya and Kroschel, 2015). Soil 
fertility in Cikandang Village has decreased 
during the years, which may be comparable to the 
high use of pesticides (chemical drugs) used by 
the farmers. The use of these pesticides can 
increase the residue of contaminated chemicals in 
the soil. As a result, it will damage micro-
organisms and organisms that are very beneficial 
for the development and growth of cultivated 
potato plants so that the level of soil fertility on 
the land planted with potato decreases. This is in 
line with the study of Roidah (2013), that 
excessive use of chemical fertilizers and chemical 
pesticides has an impact on environmental quality 
such as reduced soil fertility. Whereas, continuous 
potato cultivation without the addition of adequate 
nutrition in the highlands of Kenya caused a rapid 
decline in soil fertility, which was a major 
obstacle in potato production (Muthoni and 
Nyomango, 2009). 
Analysis of possible production risks 
Analysis of possible production risk was 
performed to find out how many times the risk 
sources were likely to occur in the Cantigi 
Farmers’ Group in 2017. The analysis used the 
data from interviews with farmers in the Cantigi 
Farmers’ Group. In this study, the normal limit of 
losing potato production was determined based on 
farmers’ perceptions. This is in accordance with 
the recommendations from Saragih et al. (2018), 
that the determination of normal limits is based on 
the perceptions of farmers. The result of 
calculating the possibility of production risk in the 
Cantigi Farmers’ Group is presented in Table 1. 
 
Table 1. The possible production risks in Cantigi Farmers’ Group 
Risk source/ 
calculation results 







Total 13,375 13,619 10,243 7,434.5 2,995 1,933.5 
Average 382.1 389.1 292.7 212.4 85.6 55.2 
Standard deviation 325.5 371.7 409.5 194.8 75.3 50.4 
Normal limit 382.3 374.5 268.6 114.6 18.4 07.9 
Z 0.00 -0.04 -0.06 -0.50 -0.89 -0.94 
Table Z value 0.5000 0.5160 0.5239 0.6915 0.8124 0.8264 
Probability (%) 50.00 51.60 52.39 69.15 81.24 82.64 
 
The probabilities of each source found in the 
Cantigi Farmers’ Group are presented in Table 1. 
The sources of risks, arranged from the factor with 
the largest to the smallest probability, are soil 
fertility (82.64%), managerial ability (81.24%), 
seed quality (69.15%), rainfall (52.39%), disease 
(51.60%) and pests (50%). 
Impact risk analysis 
The impact of production risk sources in the 
Cantigi Farmers’ Group was analyzed using the 
VaR method. VaR shows the amount of potential 
loss from an event that can occur in a particular 
period with a certain tolerance level. The 
tolerance level or confidence level used in this 
analysis was 95%, with 5% error. The results of 
the analysis are presented in Table 2. 
 
 
Table 2. The impact of production risk sources in 
Cantigi Farmers’ Group 
No. Source of risk Impact (IDR) 
1. Pest 3,388,598 
2. Disease 3,588,672 
3. Rainfall 3,052,415 
4. Seed quality 1,909,504 
5. Managerial ability 781,114 
6. Soil fertility 508,274 
 
Table 2 demonstrates the amount of impacts of 
the sources of risks, from the largest to the 
smallest, which include IDR 3,588,672 (disease), 
IDR 3,388,598 (pest), IDR 3,052,415 (rainfall), 
IDR 1,909,504 (seed quality), IDR 781,114 
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Risk mapping 
The activity that needs to be carried out  
before conducting risk mapping is risk 
measurement. Risk measurement results in risk 
status and risk maps (Kountur, 2008). Risk status 
describes the order of risks, from the riskiest  
to the least risky. Risk status is obtained from  
multiplication between possible production  
risk and impact risk. The status of risk  
will determine the main priorities in risk  
handling strategy. The status values and  
priority sources of production risk in the Cantigi 
Farmers’ Group are presented in Table 3.
 
Table 3. Status of production risks 
No. Source of risk Impact (IDR) Probability (%) Status of risk (IDR) 
1. Pest 3,388,598 50.00 1,694,299 
2. Disease 3,588,672 51.60 1,851,754 
3. Rainfall 3,052,415 52.39 1,599,160 
4. Seed quality 1,909,504 69.15 1,320,422 
5. Managerial ability 781,114 81.24 634,609 
6. Soil fertility 508,274 82.64 420,037 
 
Table 3 summarizes the risk level of the six 
sources of potato production risks in the Cantigi 
Farmers’ Group. The highest risk status is disease, 
followed by pests, rainfall, seed quality, 
managerial ability and soil fertility. After 
identifying the status of the risk, mapping the risk 
was then carried out. The risk map shows the 
position of the risk source to determine the 
appropriate risk handling strategy. 
In  the  risk  map,  there  are  four  quadrants  with
two axes on the risk map, namely the vertical and 
horizontal axis. Vertical axis describes the 
possibility of a risk and the horizontal axis defines 
the impact of the event. Quadrant I and II are 
quadrants that have a high probability, while 
quadrants III and IV are quadrants that have a 
large impact (Kountur, 2008). The results of 
mapping of risk sources in potato production 
activities in the Cantigi Farmers’ Group can be 
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The sources of risk for potato production in the 
Cantigi Farmers’ Group are in quadrant I and IV. 
In this study, the extent of the possibility of risk 
and impact was determined based on the 
recommendations from the head of the farmer 
group, based on the average likelihood of 
occurrence of risk (probability) of 64.50% and the 
impact of IDR 2,204,770. This is in accordance 
with the recommendations of Kountur (2008), that 
the extent of the possibility of the occurrence of 
risks and the impact of these events is determined 
by management. Figure 2 shows that the 
possibility of risk from seed quality, managerial 
ability and soil fertility is greater than 64.50% 
with the impact of losses less than IDR 2,204,770, 
while the possibility of risk from for pests, 
diseases and rainfall is less than 64.50% with an 
impact of more than IDR 2,204,770. 
Handling strategy of potato production risk  
The keys to overcome the risks of climate 
change are skills, resources and knowledge to 
increase efficient production, to improve 
management and to apply new technology (Knox 
et al., 2011). In this research, preventive strategies 
were carried out for sources of risk of soil fertility, 
managerial ability and seed quality (quadrant I), 
while mitigation strategies were carried out for 
sources of risk of disease, rain and rainfall 
(quadrant IV). 
Preventive strategies 
Preventive strategies to deal with sources of 
risk of potato production in the Cantigi Farmers’ 
Group include: 
a. Soil fertility 
Controlling soil fertility is one of the efforts 
to increase potato production (Nazari et al., 
2012). The preventive strategy for the source 
of the risk of soil fertility, which was usually 
carried out by farmers of the Cantigi Farmers’ 
Group, was plant rotating with plants that did 
not belong to one family with potato plants, for 
example cabbage and beans. Other preventive 
strategies was avoiding the excessive use of 
pesticides and beginning to use botanical 
pesticides (organic) and organic fertilizers. 
This is in line with the results of Hartatik et al. 
(2015) that organic fertilizers can improve soil 
fertility in physical, chemical and biological 
forms and increase crop production. 
 
 
b. Managerial ability 
The managerial ability of farmers greatly 
determines the success in cultivating potato. 
Preventive strategies that were carried out to 
prevent human resource errors in conducting 
potato cultivation activities were the existence 
of socialization and mentoring from local 
extension workers regarding the Standard 
Operating Procedure (SOP) for potato 
cultivation. 
c. Seed quality 
The preventive strategy undertaken to 
prevent sources of risk of seed quality was the 
selection of seed breeder in accordance with 
the beliefs and experience of previous 
purchases. The Cantigi Farmers’ Group 
cooperated with certified seed breeders in the 
surrounding areas. In addition, for nurseries 
from previous harvests, farmers should take 
part in trainings in potato breeding. 
Mitigation strategies 
Mitigation strategies to handle the risk source 
of potato production in the Cantigi Farmers’ 
Group include: 
a. Diseases 
 Diseases affecting potato plants in the 
Cantigi Farmers’ Group were late blight, 
bacterial wilt, fusarium wilt and rotten tuber. 
The diseases were caused by fungi and 
bacteria. The mitigation strategy that was 
usually carried out by farmers in the Cantigi 
Farmers’ Group was the use of intercropping 
patterns between potato plants with chili, 
cabbage, carrots and others plants. This was 
done to reduce the impact of losses if the 
production of potato crops was low due to 
disease attacks. However, in carrying out 
intercropping patterns, farmers should pay 
attention to what plants would be planted 
together with potato plants. Plants that would 
be intercropped were not plants originating 
from similar family with potato plants to avoid 
the life cycle of the disease on a land planted 
with potatoes. 
In addition, the mitigation strategy carried 
out for the source of disease risk was biological 
disease control by using botanical pesticides 
and natural enemies. For potato plant disease, 
botanical pesticides used were from clover leaf 
plants, which were crushed into powder, then 
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the powder was sprinkled and immersed into 
the soil. In addition, to control late blight in 
biology, the biological agent Trichoderma spp 
was used, with a dose of 100 grams 10 litres-1 
of water plus adhesive. Biological agent 
Trichoderma spp could inhibit the growth of 
aphids caused by the pathogenic fungus 
Phytophthora infestans. For fusarium wilt, 
biological control was carried out using 
biological agents Gliocladium sp. (Duriat et 
al., 2006). 
b. Pests 
Pests that attacked potato plants in the 
Cantigi Farmers’ Group were black cutworms 
and leaf miners. The mitigation strategy 
usually applied by farmers in the Cantigi 
Farmers’ Group was the use of intercropping 
between potato plants with chili, cabbage, 
carrots and other plants. This was done to 
reduce the impact of losses if the potato 
production was low due to pest attacks. 
Furthermore, the mitigation strategy for 
sources of risk for pests was biological pest 
control by using botanical pesticides and 
natural enemies. In general, vegetable 
pesticides used for diseases of potato plants 
came from neem leaves, galangal and 
lemongrass, which were mixed, mashed and 
soaked in 20 liters of water for 24 hours, then 
filtered and diluted with 60 liters of water 
(Duriat et al., 2006). The target of handling this 
mitigation strategy was to reduce the impact of 
production risk losses caused by pests. 
c. Rainfall 
Preventive measures against rainfall so as 
not to negatively affect agricultural production 
are difficult, but efforts to reduce negative 
impacts or mitigate rainfall can still be done. 
High rainfall causes many potato plants to die 
of decay. The mitigation strategies performed 
for sources of rainfall risk were the use of 
proper water management and the construction 
of good drainage channels so that rainwater did 
not flood the potato plants. 
The results of handling preventive 
strategies for sources of risk for production of 
soil fertility, managerial ability and seed 
quality (quadrant I) have the potential to 
reduce the possibility of production risks, 
while the results of handling mitigation 
strategies for sources of risk of disease, pests 
and rainfall (quadrant IV) aim to minimize the 
impact of production risk losses. Figure 3 
maps the risk sources after the handling 
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CONCLUSIONS 
Production risk sources in potato production 
activities of Cantigi Farmers’ Group are diseases, 
pests, rainfall, seed quality, managerial abilities 
and soil fertility. Strategies to overcome the risks 
of diseases, pests and rainfall include 
intercropping, plant-based pesticides, natural 
enemies, proper water management and good 
drainage. The strategies in handling risk of seed 
quality, managerial ability and soil fertility 
include plant-based pesticides, organic fertilizers, 
and assistance on potato cultivation SOPs, 
cooperating with certified seed breeders, and 
proper farming training. The Cantigi Farmers’ 
Group needs assistance from agricultural officer 
in handling pests and diseases, and to predict the 
right season of potato farming. 
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